I. INTRODUCTION
The image restoration has a very important role in Digital Image Processing. The digital images can be corrupted by Impulse noise which arises in the image due to bit error in transmission or introduced during the signal acquisition stage. The impulse noise is of two types, one is fixed value impulse noise and other one is random value noise. Salt and pepper noise is a fixed value impulse noise. It can corrupt the image where the corrupted pixel takes either maximum or minimum gray level i.e. 255 or 0. Several non-linear filters have been proposed to remove the salt and pepper noise from the image. Among these standard median filter has been a reliable method to remove salt and pepper noise without damaging the edges. The main disadvantage of standard Median Filter (MF) [1] is that it is only effective in low noise densities. Adaptive Median Filter (AMF) [2] is also performing well at low noise density but at high noise density it blurs the image.
To overcome these drawbacks, different new algorithms have been proposed. Decision Base Algorithm (DBA) [3] is one of them but its disadvantage is that streaking occurs at higher noise densities due to replacement with the neighborhood pixel values. To overcome this drawback, Decision Base Unsymmetric Median Filter (DBUTMF) is proposed [4] .Further, algorithms such as Modified Decision Based Unsymmetric Trimmed Median Filter (MDUTMF) [5] and Decision Based Partial Trimmed Global Mean Filter (DBPTGMF) [6] were proposed. These methods give excellent result at low and medium noise densities. But the major disadvantage of these algorithms is that at high noise density i.e. above 60% noise it has a poor IEF value and lead to blurring the image. Previously Cascading Algorithms namely DMF+UTMF and DMF+UTMP [7] Where Decision base Median Filter (DMF) is used in first stage and the Unsymmetric Trimmed Filter (UTF) is used in second stage. Again the UTF may be either Unsymmetric Trimmed Mean Filter (UTMF) or Unsymmetric Trimmed Mid Point filter (UTMP).The first and second stages are connected in cascade. The denoising capability of these cascading algorithms also fails at high noise density.
To overcome this drawback new Cascading algorithms are proposed in this paper. These cascading algorithms efficiently remove the noise at low, medium and high noise level. These also enhance the image quality at high noise level very effectively as compared to the all previous algorithms. These algorithms consist of two stages. First is Decision base Median Filter (DMF) [7] which detects and replaces the corrupted pixels with median value while uncorrupted pixels are left unchanged. The first stage is used to reduce the noise at all noise level. The second stage is one of the two algorithms i.e. either Modified Decision Base Partial Trimmed Global Mean Filter (MDBPTGMF) or Modified Decision Base Unsymmetric Trimmed Median Filter (MDBUTMF). The main objective of the second stage is to remove the remaining noise and increase the image quality at all noise level. These two stages are connected in cascade form. Proposed algorithm PA1 (DMF+MDBPTGMF) produces a consistent result from low to high noise level and it outperforms the previous algorithms at high noise density and Proposed algorithm PA2 (DMF+MDBUTMF) produces excellent result from low to high noise level in terms of PSNR, MAE and IEF as compared to all other algorithms.
The rest of the paper is structured as follows. The proposed algorithms and its different cases are described in section II. Simulation results are presented in section III. Finally conclusions are drawn in section IV.
II. PROPOSED ALGORITHMS

A. Stage-1 (Decision based Median Filter)
The Decision base Median Filter (DMF) works in the first stage of the proposed algorithm. At first a 3 x 3 window is selected. It decides whether the central pixel is corrupted or not. If it is an uncorrupted pixel, it remains unchanged and if corrupted it is replaced by the median value of the selected window. The algorithm for DMF is described as follows.
Algorithm:
Step 1: Select a 2-D window of size 3 x 3. The processing pixel is assumed as Pij which lies at the center of window.
Step 2: If 0 < Pij< 255, then Pij is considered as uncorrupted pixel and is left unchanged.
Step 3: Otherwise, calculate the median of the pixels in the window and replace processing pixel by the median value.
Step 4: Move the 3 x 3 window to the next pixel in the image. And repeat steps 1 to 3 until all the pixels in the entire image are processed.
The output obtained from DMF is given to the second stage for further processing.
B. Stage-2
The stage-2 of the proposed cascading algorithm is one of the two algorithms given below.
i. Modified Decision Based Partial Trimmed Global Mean Filter (MDBPTGMF)
The Modified Decision Based Partial Trimmed Global Mean Filter or MDBPTGMF algorithm is a variation to Decision Base Partial Trimmed Global Mean Filter or DBPTGMF algorithm. The major drawback of DBPTGMF algorithm [6] , is when a selected window contains only 0 and 255 value then the restored value is either 0 or 255(again noisy), leads us to propose MDBPTGMF. In this algorithm when a selected window contain both the 0 and 255 values then the processing pixel is replaced by mean value of the selected window. The detail of the algorithm is given below.
Algorithm:
Step 1: Select a 3 x 3 2-D window. Assume that the processing pixel is Pij , which lies at the center of window.
Step 2: If 0 < Pij< 255, then the processing pixel or Pij is uncorrupted and left unchanged.
Step Step 4: Repeat step 1 to 3 for the entire image until the process is complete.
ii. Modified Decision Base Unsymmetric Trimmed Median Filter (MDBUTMF)
In the Modified Decision Base Unsymmetric Trimmed Median filter (MDBUTMF) the pixels are checked to know whether they are noisy or noise free. If the processing pixel is 0 or 255 then it is considered as noisy and it is processed as per the algorithm given below.
Algorithm:
Step 1: Select 2-D window of size 3 x 3. Assume that the processing pixel as Pij which lies at the center of window.
Step 2: If 0 < Pij< 255, then Pij is an uncorrupted pixel and It is left unchanged.
Step 3: If Pij = 0 or Pij = 255 then it is corrupted pixel and two cases are possible as follow. Step 4: Repeat steps 1 to 3 until the process is complete for the entire image.
Case i):
If the selected window contains all the elements as 0 and 255, then replace Pij with the mean
C. Cascade Filter
The Decision base Median Filter (DMF) is efficient to remove the noise at low noise level only. But at medium and high density it fails because the restored pixel which is the median value of the selected window is also a corrupted pixel value. The MDBPTGMF and MDBUTMF are very efficient to remove the noise but at high noise level it blurs the image which decreases the image quality. Therefore DMF is used to reduce the noise and the MDBPTGMF and MDBUTMF is used to remove the noise completely as well as to enhance the image. In this structure DMF is cascaded with MDBPTGMF or MDBUTMF for the improvement of the output obtained from DMF. The noisy image is first given to stage-1(i.e. to DMF). Then the output of the stage-1 is given as input of stage-2(i.e. either to MDBPTGMF or MDBUTMF). The proposed algorithm-1 (PA1) is the cascaded version of DMF and MDBPTGMF where as proposed algorithm-2 is the cascaded version of DMF and MDBUTMF. The performance of PA2 is better than the performance of PA1. PA1 gives a better result at high noise density where as PA2 is giving an excellent result for all noise level in terms of MAE, PSNR and IEF values as compared to other algorithms. 
III. SIMULATION RESULTS
The proposed algorithms are tested using 512x512 8-bit/pixel image Lena.gif. In the simulation, images are corrupted by Salt and Pepper noise. The noise level varies from 10% to 90% with increment of 10% and the performance is quantitatively measured by Mean Absolute Error (MAE), Peak Signal to Noise Ratio (PSNR) and Image Enhancement Factor (IEF).
MAE =
PSNR in dB = 10 log 10 (3) From the simulation result shown in Table I to III, it is observed that the performance of proposed algorithm PA1 is improved than the existing algorithms at medium and high noise level (i.e. above 30%) whereas the performance of proposed algorithm PA2 is much improved than the existing algorithms at all noise levels. From Table IV and V, it is clear that the performance of the proposed algorithm PA1 is better than the existing DMF+UTMF and DMF+UTMP cascade algorithms at medium and high frequencies where as the performance of proposed algorithm PA2 is much better than these two existing cascade algorithms at all noise level. From Fig.2 to 4 , it is clear that the proposed algorithm PA1 has better performance than other algorithm at medium and high noise level whereas PA2 has better performance at all noise level.
In Fig 5 and 6 , the original, noisy Lena and Boat images are shown and also the reconstructed Lena and Boat images obtained by various filters are given which clearly shows that our proposed methods are better than the other existing algorithm. In this paper, it can be observed that the proposed filters give better result as compared to the existing algorithms in terms of MAE, PSNR and IEF. The proposed algorithms show excellent denoising capability and also preserve texture detail and edges effectively even at very high noise density. The proposed algorithms are effective for removal of salt and pepper noise at low, medium and high noise densities.
